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qq ' New Galilei quantum groups dual to the Hopf algebras proposed in [1] are 

obtained by the nonrelativistic contraction procedures. The corresponding Lie- 
algebraic and quadratic quantum space-times are identified with the translation 

k^A ; sectors of considered algebras. 



1 Introduction. 

Recently, there were found arguments based on quantum gravity [2], [3] and string the- 
ory [I], [5] indicating that space-time at Planck scale should be noncommutative, i.e. it 
should have a quantum nature. On the other side, there appeared a lot of papers deal- 
ing with classical ([6]- pi)]) and quantum ([H]-[T5]) mechanics, Doubly Special Relativity 
frameworks ([16]- [19]), and field theoretical models ([20]- [30]), in which noncommutative 
space-time plays a prominent role. 

In accordance with general classification of all possible deformations of relativistic and 
nonrelativistic symmetries ([31], [32]) one can distinguish three kinds of quantum spaces: 

1) Canonical (^-deformed) space-time 

[ x M , x v } = id^ ; 9^ = const , (1) 

considered in [33]- [HE]- The corresponding twist deformation of Poincare Hopf algebra 
Ug(V) has been proposed in [31] . while its dual quantum group Vg in [33] and [36]. There 
were also provided two ^''-deformed Galilei Hopf algebras [lj as the contraction limits of 
twisted Poincare group Ug{V). 

2) Lie-algebraic modification of classical space 

[ X/j,, x v \ = w ^ v x p , [Z) 

with particularly chosen coefficients 9 P being constants. There exist two explicit realiza- 
tions of such a noncommutativity - K-Poincare Hopf algebra U K (V) [37], [38] and twisted 
Poincare group U^iV) [39] (see also [40]). Their dual partners V K and V( have been recov- 
ered in [H] and [39] , respectively. Besides, the so-called /t-Galilei group has been provided 
by nonrelativistic contraction of k- Poincare Hopf algebra in [12], and its dual quantum 
partner has been described in [33]. The remaining Galilei algebras were recovered in [T] 
by various contractions of twisted Poincare group Uq{V). 

3) Quadratic deformation of Minkowski space 

with coefficients 9 P Z, being constants. This type of noncommutativity has been proposed 
as the translation sector of Poisson-Lie structure V^. The explicit form of its nonrelativis- 
tic counterpart remains unknown. 

In this article we perform three nonrelativistic contractions (see Section 2) of twisted 
Poincare groups Vg, V^ and V%, respectively. In such a way we recover six Galilei Hopf 
algebras dual to the quantum (Galilei) groups proposed in [TjH Two of them correspond 



lr They were obtained by contractions oiUe(V), U((V) and U^{V) twisted Poincare Hopf algebras. 



to canonical (1)), three - to Lie-algebraic (2)), and one - to quadratic (3)) type of space- 
time noncommutativity. We show that in the Lie-algebraic case their translation sectors 
can be identified with the nonrelativistic space-times, introduced in [1J as a quantum 
representation space (a Hopf module) of twisted (Galilei) algebras. Consequently, we 
reproduce three Lie-algebraically deformed space-times: two with quantum space and 
classical time, and one with classical space and quantum time. In such a way we also 
recover a new quadratic Galilei space-time (a translation sector) with quantum space and 
classical time. 

It should be mentioned that presented groups can be recovered with use of two other 
Hopf-algebraic methods [H], [13]. First of them, so-called FRT procedure [H], uses 
quantum R-matrix associated with the considered algebra, while the second one, leads to 
quantum group by canonical quantization of a suitable Poisson-Lie structure [13], [32]. It 
should be noted, however, that contraction scheme used in this article has one advantage 
- it gives an additional information about relativistic counterparts of recovered algebras, 
i.e. we get our Galilei groups as a contraction limit of existing Poincare Hopf structures. 

The knowledge of explicit form of Galilei Hopf algebra (U.(G)) as well as its dual 
quantum group {Q) permits us to analyze the basic nonrelativistic dynamical systems. 
Using so-called Heisenberg double procedure [46J one can provide a proper phase-space 
associated with the considered Hopf algebras. Such a construction in the case of rela- 
tivistic symmetries has been presented in [U], [18] for k- Poincare algebra, and in [19] for 
Lie-algebraically twisted Poincare group. Moreover, the Heisenberg uncertainty princi- 
ple corresponding to the above (quantum) phase-spaces, has been provided in [47] and 
[4*9] for k- and twist-deformed symmetries respectively. The analogous investigations at 
nonrelativistic level already has been undertaken. 

The paper is organized as follows. In second Section we describe three contraction 
procedures used in this article - one c-independent and two with c-dependent parameter 
of deformation. In Sections 3, 4 and 5 we find canonical, Lie-algebraic and quadratic 
twist deformations of quantum Galilei group, respectively. The results are summarized 
and discussed in the last Section. 

2 Contraction procedures. 

Let us consider the following redefinition of rotation and translation generators of quantum 
Poincare group [50] (see also [43] rl 

A'o^l + ^f. W 

A*o = ~ , (5) 



2 The light-velocity c plays a role of contraction parameter. 



A',= ^, (6) 

o* = V , a = ct , (8) 

where i?* •, v\ r, 6 J denote the generators of Galilei quantum group - rotations, boosts and 
translations, respectively. In this article we consider three nonrelativistic contractions: 

i) Standard (Inonii-Wigner) contraction with c-independent parameter of deformation 
[501. i.e. we use the redefinition flU)-(IHD and take the c — > oo limit. 



ii) Contraction with c-dependent parameter k ([k] = (lenght)" 1 ) such that k = k/c 
{[k] = (time)~ l ) [51], [52]. Then, in the c — > oo limit we get the quantum group with 
deformation parameter k. 

Hi) The parameter k is replaced by k = ~Rc ([k] = (time) x (lenght)~ 2 ) (see e.g. [5"T]). 
and the contraction limit c — > oo leads to the quantum group with parameter k. 

As we mentioned in Introduction, we shall perform three contractions in the case of 
canonical V$, Lie-algebraic V^ and quadratic "Pg Poincare groups. They were provided in 
[39J together with their dual partners U(Vo), ^C^c) an d U(V^), respectively. 



3 Canonical deformation. 

Let us start with canonical deformation of relativistic symmetries. The # M1/ -deformed 
Poincare group Vg has been proposed some years ago in [33] and rediscovered recently in 
[36]. Its algebraic sector looks as followqj 

{a»,a»}= l 9^(A» p A» a -5^ (T ), (9) 

[A" T) A" p ] = [a",A" p ] = 0, (10) 

while coproducts remain undeformed 

A«) = A"„ <g> a u + a? ® 1 , A(A"„) = A^® A p v . (11) 

The corresponding classical r-matrix has the form [31] 

1 
2 



r 5 = -rP,AP„, (12) 



with fourmomentum generators P M dual to the translations a M . Obviously, the r-matrix 
(fT2"j) satisfies the classical Yang-Baxter (CYBE) equation 

[[ r e , r e ]] = [ r ei2 , r ei3 + r e23 ] + [ r ei3 , r e23 ] = , (13) 

where symbol [[ ■, • ]] denotes the Schouten bracket and r ei2 = ^O^P^ A P v A 1, r ei3 = 
§0^ A1AP„ r e23 = i^l A P M A P„. 

In the case of simplest contraction of Ve group (see i)), for parameter c running to 
infinity, we get the following algebraic sector 

[b\V]=i6 k \R\R\-5\5\) 1 (14) 

[T,V] = iT,v*] = [b\v>] = [v\vi] = 0, (15) 

[ R i j ,R k l ] = [<i?* ] = [r,^. ] = [6*, J2* ] = , (16) 

supplemented by the classical (undeformed) coproducts 

A(R l J ) = R\®R k J , (17) 

A{v i ) = R i j ®v j + v { ®l, (18) 

A(r) =t® 1 + 1 ®r , (19) 

A (6*) =i? i i ®& J '+^®r + 6 i ® 1 . (20) 

The relations (fl4l - (l20~l) define softly deformed Galilei group ^ dual to the Hopf algebra 
Uq{Q) associated with the following classical re-matrix (see []])□ 

r e = -9 kl U k Alli , rij - dual to the translations V . (21) 

Let us turn to the contraction ii) of Ve group (6^ = Q^ v / 7c) with c-dependent defor- 
mation parameter k = kjc. In such a case, for 6 1 *- 7 = and 6° l = ^-^, in the contraction 
limit c^oowe get 

[b\V]=i—{v*R\-R\vi) 1 (22) 

nOk 

[r,b i ]=i— (R\ + S\), (23) 

K 



4 All mentioned in this article classical r-matrices satisfy the classical Yang-Baxter equation (Tl3|) , i.e. 
they correspond to twist-deformed Galilei Hopf algebras. 



[ T ,v i ] = [b i ,v i ] = [v i ,v>] = 0, (24) 

[ R i j ,R k l } = [v\R k l ] = [ r,R 3 ] = [b i ,R k l ] = Q, (25) 

with the classical coproduct ( TTTl) - (l2"0l and corresponding classical r^-matrix 

k 

r i = —r- n A Hfc ; n — dual to the generator r . (26) 

The relations ([22])- ([25]) and (flTjl - p)]) define softly deformed Galilei group Q t dual to the 

algebra U§_(Q) (see [1]). One can also check that for y ^ the contraction ii) becomes 

divergent, while in the case of contraction in) (k, = kc), for arbitrary value of parameter 
9^, we get the undeformed Galilei quantum group Q . 

4 Lie-algebraic deformation. 

The Lie-algebraic twist deformation of Poincare group Vc, has been studied in [39J. Its 
algebraic sector looks as follows 

[ a", a v ] = K V {KH ~ <*>«) + <"(<*>« ~ <*>/?) , (27) 

[ a", A» p ] = i( x A\(rjp p A» a - Va P A U p) + *C^A ap - 8\A 0p ) , (28) 

[A^ ) A" T ] = ) (29) 

while coproducts remain classical (see (TTT1) ). The corresponding r^-matrix has the form 

r c = ^( X Px A M a/3 ; A ^ a, (3 - fixed , (30) 

where generators M^ v are dual to the rotations A M „. 

In the case of "space-like" carrier { M^, P 7 ; 77^ k, I, } the c-independent contrac- 
tion 1) leads to the following algebraic sector 

[ b\ V ] = 1 0\8\ h - 5\ b k ) + 1 C^{5\ b k - 8\ h) , (31) 

[b i ,vJ]=i(^(V l v k -5\v l ), (32) 

[ b\ R% ] = i(R\(8 lT R p k - 5 kT R p t ) + iCV^Rkr - 5 p k R lr ) , (33) 

[ T ,b i ] = [T,v i ] = [v i ,v*]=0, (34) 

[R^,R k l ] = [v\R k l ] = [r,R^] = 0, (35) 



and undeformed coproducts (fTTj) - (l20l . The above relations define twisted Galilei group 
Qc, dual to the Hopf algebra U^iQ) (see pQ). In the case of carrier {M k i,P } we get 
undeformed Galilei quantum group Q , while for "boost-like" carrier {M k0 ,P L ; k ^ 1} 
the commutators of boosts with translations become divergent. 

It should be noted that Hopf algebra U^iQ) has been provided with use of the following 
twist factor 



/C c = exp-(Cn 7 AK H ) 



Kki — dual to the generator R h . 



(36) 



In such a case one can define the corresponding nonrelativistic space-time as its quantum 
representation space - a Hopf module [53] . It looks as follows [TJj 



. %i, Xj J* c 



i(5 7J (8 k iXi - SiiXk) + i(5 7 i(8ijXk - 8 kj xi) 



[ I; Xi J*£ — U , 

where the ^-multiplication of two functions is given by 

f(t,x)-k ( g(t,x) :=ujo (/C^ 1 >f(t,x) ® g(t,x)) , 



(37) 
(38) 



(39) 



with /Q = exp (— |C^7 A (xkdi — xidk)) and uj o (a <g> b) = a ■ b. Hence, we see, that after 
the substitution 

t «-► * , 6* «-> x i , (40) 

the translation sector (1311) . f)34p can be identified with the nonrelativistic quantum space- 
time ([37]), (JMD. 

Let us now turn to the contraction ii) of the Poincare group V^ with C = ~- Then, 
for { Mm, P } the corresponding Galilei quantum group Q% (k = k/c) looks as follows 



r, v 



i 

k 
i 
k 



r,V] --(6\k-6\b k ), 

{8\v l -8 i l v k ) , 

r, R» T ] = l -{5 lr R p k - SkrR^) + % -{8 p k R lr - S^R*) , 



K 



b\RP T ] = -v\5 lT R p k -5 kT R 



K 



V i 



b\b>} = [b\v j ] = [v\v j } = 
R%,R k l ] = [v\R k l ]=0, 



(41) 
(42) 
(43) 
(44) 
(45) 
(46) 



5 [a, b] i , i = a-k^b — bkQd . 



while coproducts remain classical. For carriers { M k i, P 1 ; 77^ k, I, } and { Mj-o, Pi ; k ^ 
I } the contraction ii) becomes divergent. Besides, it should be noted that a proper (dual) 
Hopf algebra Ua(Q) and the corresponding /^-deformed space-timqj 

[t,x«]*„ = ~{6ux k - 6 ki xi) , [xi,Xj}^ = , (47) 



have been provided in jljj. We see, that after substitution (j4"0~l) the relations (14T)) and 
(jHJ), (|45l) become identical. 

Let us now consider the contraction in). Then, for carrier { M k i, -P 7 ; 77^ k, I, } we 
obtain the classical (undeformed) Galilei Hopf algebra Qq. 

In the case { M k0 , -Pz ; & 7^ I } the situation is more complcated, i.e. one can check 
that after contraction we get the following Galilei quantum group 0% (k = kc) 

[b\V]= l -T{5\5\-5\5\), (48) 

Kj 

[v\V]= l -{RJ l R\ + V l 5\), (49) 

iT,V} = [T,v l ] = [T,R* J ] = iv\vi} = 0, (50) 

[^,Rf T ] = [B* j ,Rf T ] = [v t ,Rf T ]=0, (51) 

with trivial coproduct (TT7|) - (12U|) . 

The corresponding (dual) Hopf algebra IA^(Q) has been recovered with use of the 
following twist factor 

Kk = exp — (Hi A Vk) ; Vk — dual to the boost generator v k ■ (52) 

2k 

One can observe that its nonrelativistic space-time is exactly the same as the translation 
sector (gHD, ([SU (see [I]) 

[xj, Xj ]^ = -t(SnS kj - SkiSij) , [£, Xj ]*_ = , (53) 

Kj 

where ^multiplication is given by 

f(t,x)-k K g(t,x) :=uo (Kz > f(t,x) ®g(t,x)) ; /Q = exp(— d x A td k ) , 
i.e. we can identify the translation sector (J481) . fl50|) with nonrelativistic space-time (15*31) . 



6 The above space-time is equipped with quantum time and classical space. For its M = 1 supersym- 
metric counterpart see |54) . 



7 The corresponding twist factor looks as follows ICa = exp (^IIo A K k i)- 



5 Quadratic deformation. 

The quadratic deformation of Poincare group V% has been investigated in [39] . It is given 
by the following algebraic sector 

[ K, K ] = (1 - cosh£) J2 PVV^i ~ S {k A^{kK } ) + (54) 



k=a,f3 
1=7, ,5 



+ % sinh e[(^A" a - ^ P A%) (VStA^ - V^ s ) + 

+ ( V5p A\ - Vyp A v s ) ( VaT A^ - ^A" a ) + 

+ { V ^A a T - v ^A T )( V ^A 5 p - V 5u A\) + 

+ WA 8 T - rf»k\) {rf»A% - r^A« )] , 



a\a u ] = - sinh ^J v \ {a , a s } - $*J V \ {a^o 7 }+ (55) 



- 5p5 v \ {a a , a s } + <5^<f] {a Q , a 7 }) + 
+ i(l-coshOE^1[ flfc ' a ']' 



k=a,f3 
1 = 7, .5 



[ a", A", ] = (1 - cosh £ <W { *A<> + (56) 

k=a,0 

1=7,5 

+ i sinh £[ (t^ - <J> a ) {8\A Sp - 8 V 5 A 1P ) + 
- (8^a 6 -5%a 7 )(5 v a A 0p -5^A ap )\, 

with <^ {fe c^ } £>Wj, = 8\8\O k r O l p + 5^(9^0^, and the classical coproduct dHJ. The 
corresponding r^-matrix looks as follows 

r ? = -iM af3 A M 75 , (57) 

where indices a, /3 ,j ,S are all different and fixed. 

One can see that for a = i, j3 = 0, , y = k and S = I the contraction i) becomes 
divergent in the c — > oo limit. Similarly, for P^ with £ = £/« the contraction ii) (k = k/c) 



does not exist. In the case Hi) (k = kc) situation appears less trivial, i.e. in the c — > oo 
limit we get the following algebraic sector 



v p ,v T ] = -^-S ip {S kT v l - 5 lT v k ) + ^6 iT (6 kp v l - 5 lp v k ) , 

R» T y ] = -^R j i(SirR p k - krK) + l ^ l ^ kp R\ - * lp R\ 

b p ^]= l h5 [p l 5i{rM-^ T \{rM) , [t,&»"]=0, 

V,R p T } = ^5\T(5 p k R lT -5 p l R kT ), 

r,R p T ] = [r,v^] = [R p T ,R^}=0, 



b p ,v T } = |W<*> - 5\v k ) - |W<^ - 6%) 



(58) 

(59) 

(60) 

(61) 
(62) 

(63) 



and classical coproducts. The above relations define quadratic Galilei group G-% equipped 
with the following classical rvmatrix 



r* = ^(V i AK kl ) 

2k 



(64) 



Let us now turn to nonrelativistic space-time corresponding to the quantum group 
( !58|) -(l63l. As it was mentioned, it is defined as a quantum representation space of Galilei 
group Qk- The action of dual generators Vi and Km on such a space is given by 



K H > f(t,x) = i(x k di-xid k ) f(t,x) , Vi> f(t,x)=itdif(t,x) 



(65) 



while the ^^multiplication looks as follows 

f(t,x)*j-g(t,x) :=ujo (/Q 1 > f(t,x) ®g(t,x)) ; K^= exp(— £<% A (x k d t - x t d k )) 

2k 

Hence, we have 



*", x T k = |b(^l {*, x,}*, - SW {t, x k }^) , [ t, x> 



(66) 



We see that the noncommutative space-time fl66l) is exactly the same as the translation 
sector ( 1601 attached to quantum space and classical time. 
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6 Final remarks. 

In this article we propose canonical and Lie-algebraic twist deformations of quantum 
groups dual to the recovered in p] Galilei Hopf algebras U,{Q). Besides, we also obtained 
a new quadratic deformation of Galilei Hopf structure as well as the corresponding non- 
commutative (quantum) space-time. In such a way we show that the translation sectors of 
dual groups are identical with Hopf-modules (space-times) of corresponding Galilei Hopf 
algebras [I]. 

It should be mentioned that presented results complete our studies in [1] on the con- 
tractions of twisted Poincare groups. Nevertheless, they can be extended in various ways. 
First of all, one can consider basic dynamical models corresponding to considered Galilei 
algebras [55J . Besides, it seems interesting to find other D = 3 + 1 dimensional nonrela- 
tivistic space-times, corresponding Hopf algebras describing symmetry, and dual groups, 
predicted by the general classification of all Galilean Poisson-Lie structures [32] (see also 
for two-dimensional case [56] and |57j). One can also ask about a "superposition" of dis- 
cussed quantum deformations as well as their supersymmetric Af = 1 extensions (see e.g. 
[58] and [M]). Finally, as it was mentioned in Introduction, the corresponding quantum 
phase-spaces can be generated with use of the Heisenberg double procedure [10]. The 
investigation of these problems are under study. 

Acknowledgments 

The author would like to thank Jerzy Lukierski, Andrzej Frydryszak, Marek Mozrzymas 
and Mariusz Woronowicz for many valuable discussions. 

This paper has been financially supported by Ministry of Science and Higher Education 
grant NN202318534. 

References 

[1] M. Daszkiewicz, Mod. Phys. Lett. A 23, 505-517 (2008), IFT-UWR-LV-420; arXiv: 
0801.1206 [hep-th] 

[2] S. Doplicher, K. Fredenhagen, J.E. Roberts, Phys . Lett. B 331, 39-44 (1994); Comm. 
Math. Phys. 172, 187-220 (1995); |hep^th/0303037| 



[3] A. Kempf and G. Mangano, Phys. Rev. D 55, 7909-7920 (1997); hep-th/9612084 



[4] N. Seiberg and E. Witten, JHEP 9909:032 (1999);|hep-th/9908142 

[5] J. de Boer, P.A. Grassi and P. van Nieuwenhuizen, Phys. Lett. B 574, 98-104 (2003) 

[6] J. Lukierski, H. Ruegg, W.J. Zakrzewski, Annals of Phys. 243, 90-116 (1995) 

[7] J.M. Romero and J.D. Vergara, Mod. Phys. Lett. A 18, 1673-1680 (2003); 



hep-th/0303064 



11 



A. Deriglazov, JHEP 0303:021 (2003);[hep^th/0211105 



[9] S. Benczik, L.N. Chang, D. Minic, N. Okamura, S. Rayyan and T. Takeuchi, Phys. 



Rev. D 66, 026003 (2003); hep-th/0204049 



[10] I. Cortese and J. A. Garcia, " Lagrangian and noncommutativity"; |hep-th/0305045 



[11] J. Lukierski, P.C. Stichel, W.J. Zakrzewski, Annals of Phys. 260, 224-249 (1997) 
[12] M. Chaichian, M.M. Sheikh- Jabbari, A. Turenau, Phys. Rev. Lett. 86:2716 (2001) 
[13] V.P Nair, A.P Polychronakos, Phys. Lett. B 505, 267-274 (2001) 
[14] C. Duval, PA. Horvathy, Phys. Lett. B 479, 284-290 (2000) 



[15] A. Kijanka, P. Kosinski, Phys. Rev. D 70, 127702 (2004); |hep^th /0407246 
[16] G. Amelino-Camelia, Phys. Lett. B 510, 255-263 (2001) 



[17] G. Amelino-Camelia, Mod. Phys. Lett. A 17, 899-922 (2002); |g^qc7 0204051 



[18] J. Kowalski-Glikman and S. Nowak Phys. Lett. B 539, 126-132 (2002) 



[19] J. Magueijo and L. Smolin, Phys. Rev. Lett. 88:190403 (2002); hep-th/0112090 



[20] M. Chaichian, A. Demichev, P. Presnajder, Nucl. Phys. B 567, 360-390 (2000); 



hep-th/ 9812180 



[21] R.J. Szabo, Phys. Rept. 378, 207-299 (2003); hep-th/0109162 



[22] M. Chaichian, P. Presnajder and A. Tureanu, Phys. Rev. Lett. 94:151602 (2005); 



hep-th/0409096 



[23] L. Alvarez- Gaume, M.A. Vazquez-Mozo, Nucl. Phys. B 668, 293-321 (2003); 



hep-th/0305093 



[24] M. Chaichian, M.N. Mnatsakanova, K. Nashijima, A. Tureanu and Yu.S. Vernov, 
"Towards an Axiomatic Formulation of Noncommutative Quantum Field Theory"] 
lhep-th/0402212| 

[25] G. Fiore, J. Wess, Phys. Rev. D 75, 105022 (2007) 

[26] A.P. Balachandran, T.R. Govindarayan, G. Mangano, A. Pinzul, B.A. Quereshi, S. 
Vaidya, Phys. Rev. D 75, 045009 (2007) 

[27] A.P. Balachandran, A. Pinzul, B.A. Quereshi, Phys. Lett. B 634, 434-436 (2006); 
|hep-th/050815T 



P. Kosinski, J. Lukierski and P. Maslanka, Phys. Rev. D 62, 025004 (2000); 



hep-th/9902037 



12 



[29] G. Amelino-Camelia and M. Arzano, Phys. Rev. D 65, 084044 (2002);[hep^th/0105120 



[30] M. Daszkiewicz, J. Lukierski, M. Woronowicz, "Towards quantum noncommutative 
k- deformed field theory", Phys. Rev. D 77, 105007 (2008); arXiv: 0708.1561 [hep-th] 



[31] S. Zakrzewski, "Poisson Structures on the Poincare group"; q-alg/9602001 



[32] Y. Brihaye, E. Kowalczyk, P. Maslanka, "Poisson-Lie structure on Galilei group"; 
|math/0006167| 

[33] R. Oeckl, Nucl. Phys. B 581, 559-574 (2000) 

[34] M. Chaichian, P.P. Kulish, K. Nishijima and A. Tureanu, Phys. Lett. B 604, 98-102 



(2004); hep-th/0408069 



[35] J. Wess, "Deformed coordinate spaces: Derivatives"; hep-th/0408080 



[36] P. Kosinski and P. Maslanka, " Lorentz-invariant interpretation of noncommutative 
space-time: Global version"; hep-th/0408100 

[37] J. Lukierski, A. Nowicki, H. Ruegg and V.N. Tolstoy, Phys. Lett. B 264, 331-338 
(1991) 

[38] J. Lukierski, A. Nowicki and H. Ruegg, Phys. Lett. B 293, 344-352 (1992) 



[39] J. Lukierski and M. Woronowicz, Phys. Lett. B 633, 116-124 (2006); hep-th/0508083 



[40] J. Lukierski, A. Nowicki, H. Ruegg and V.N. Tolstoy, J. Phys. A 27, 2389-2400 (1994); 
|hep-th/9312068| 

[41] S. Zakrzewski, J. Phys. A 27, 2075-2082 (1994) 

[42] S. Giller, P. Kosinski, M. Majewski, P. Maslanka and J. Kunz, Phys. Lett. B 286, 
57-62 (1992) 

[43] S. Giller, C. Gonera, P. Kosinski, P. Maslanka, "The quantum Galilei group"; 
|q-alg/950500"7| 

[44] L.D. Faddeev, N.Yu. Reshetikhin, L.A. Takhtadzhyan, Leningrad Math. J. 1, 178 
(1990) 

[45] L.A. Takhtajan, "Introduction to Quantum Groups"; in Clausthal Proceedings, 
Quantum groups 3-28 (see High Energy Physics Index 29 (1991) No. 12256) 

[46] S. Majid, "Foundations of quantum group theory", Cambridge University Press, 2000 

[47] G. Amelino-Camelia, J. Lukierski, A. Nowicki, Acta Phys. Polon. B 29, 1099-1112 
(1998); Phys. Atom. Nucl. 61, 1811-1815 (1998); Yad. Fiz. 61, 1925-1929 (1998) 



13 



[48] A. Blaut, M. Daszkiewicz, J. Kowalski-Glikman, S. Nowak, Phys. Lett. B 582, 82-85 
(2004) 

[49] P. Czerhoniak, A. Nowicki, "Twisted classical phase-space"; [math.q a/9809051 

[50] E. Indnii and E.P Wigner, Proc. Nat. Acad. Sci. 39, 510-524 (1953) 

[51] J.A. de Azcarraga and J.C. Perez Bueno, J. Math. Phys. 36, 6879-6896 (1995) 

[52] J.A. de Azcarraga and J.C. Perez Bueno, J. Phys. A 29, 6353-6362 (1996) 



[53] C. Blohmann, J. Math. Phys. 44, 4736-4755 (2003); q-alg/0209180 

[54] M. Daszkiewicz; in preparation 

[55] J. Lukierski and M. Woronowicz, "Twisted space-time symmetry, non-commutativity 
and particle dynamics"; published in "Tijanin 2005, Differential geometry and 



physics", pp. 333-342, World Scientific 2006; hep-th/05 12 046 



[56] E. Kowalczyk, Acta Phys. Pol. B 28, 1893-1906 (1997) 

[57] A. Opanowicz, J. Phys. A 31, 8387-8396 (1998); A. Opanowicz, J. Phys. A 33, 1941- 
1953 (2000) 



[58] Y. Kobayashi, S. Sasaki, Int. J. Mod. Phys. A 20, 7175-7188 (2005); hep-th/0410164 



14 



